Objective: To assess the agreement between measured height, and height predicted from ulna length using the Malnutrition Universal Screening Tool (MUST) equations, in adult patients admitted to government hospitals in Bloemfontein, South Africa. Design: Descriptive cross-sectional survey. Setting: Medical, surgical, pulmonary, orthopaedic, cardiovascular and general wards at Pelonomi, Universitas and National Hospitals in Bloemfontein. Subjects: All patients between 19 and 60 years, admitted during a two-week period in March 2015, who gave written informed consent, and were able to stand upright and unassisted, were included. Outcome measures: Standing height (via stadiometer; referred to as reference height), weight and ulna length were measured. Predicted height and body mass index (BMI) were calculated from ulna length using MUST equations, and compared with reference height and BMI by 95% confidence intervals (CI) and Bland-Altman analysis. 
Introduction
Height and weight are fundamental measurements of nutritional status and health indicators, which are used to direct the care of hospitalised patients. The European Society for Clinical Nutrition and Metabolism (ESPEN) advises that all patients should be screened for nutritional risk on admission, in order to combat the high incidence and well-researched consequences of preexisting, as well as hospital-acquired, malnutrition on patient morbidity and mortality. 1 For this purpose, ESPEN recommends the Malnutrition Universal Screening Tool (MUST), the Nutritional Risk Screening (NRS) 2002, and the Mini Nutritional Assessment (MNA), all of which utilise body mass index (BMI) based on height and weight (kg/m 2 ). 1 Beyond screening, height and weight are factored into equations to estimate patients' energy expenditure, particularly in resourcepoor government hospital settings in South Africa, where indirect calorimetry is not available, as well as to calculate ideal body weight and overall nutritional requirements. 2, 3 Height and weight are equally important for the estimation of lung capacity, 4 glomerular filtration rate 5 and drug dosages, 6 among others. Therefore, accurate recording of height and weight are vital, particularly as all estimation equations already include some margin of error, which is only further exacerbated by inaccurate anthropometric measurements.
The standardised reference technique for height measurement requires the subject to stand up straight and unassisted for measurement with a calibrated stadiometer. 7 For many patients, particularly the critically ill, this is impossible due to the type of trauma and/or medical procedures, sedation, unconsciousness, confusion, pain, weakness, etc. 7, 8 In these cases, many health care workers measure recumbent length. The correct standardised technique for accurate and reproducible results with this method, is, however, time consuming and may require moving the patient into a position that may be too uncomfortable or painful for many critically ill patients. 9 If conscious, the patient could self-report his/her height, but systematic reviews of studies estimating the accuracy of self-reported height found that patients tend to overestimate their true height. 10, 11 In the South African setting, patients and/or their family members often have no idea of the patient's height or weight, while language barriers also hamper communication. Estimating patients' height by eyeballing, as many health care professionals do, has also been shown to be very inaccurate. Hendershot et al., for example, found that only 41% of healthcare professionals in a trauma unit were able to estimate patients' height to within 2.54 cm of measured values. 12 A scientific approach to estimating height includes the use of mathematical equations based on regression modelling to predict stature, making use of long-bone lengths. These include lower limb measurements, such as knee height, as well as upper limb measures such as arm span, demi-span and ulna length. 7 Of these, ulna length is often the easiest to measure in critically ill patients, as at least one forearm is usually accessible, and the methodology for measuring the ulna length only requires the arm to be folded against the chest with the fingers directed towards the shoulder. 7, 13 The subcutaneous nature of the medial olecranon and distal styloid processes of the ulna makes the whole length of the bone easy to palpitate and measure quickly and accurately. 7, 14 The MUST, recommended by ESPEN for nutrition screening of adults under 65 years, uses a specific set of equations validated on a European population to predict height based on ulna length.
14 Although the technique and these equations are widely used, to date no study has been published which established that ulna length, when incorporated into MUST equations, is reliable to predict height in the South African population. This study assessed the agreement between actual measured reference height and height predicted from ulna length, of adult hospitalised patients admitted to three government hospitals in Bloemfontein, Free State Province, South Africa.
Methods

Study population and sampling
A descriptive cross-sectional study was conducted after approval was obtained from the Ethics Committee of the Faculty of Health Sciences, University of the Free State, as well as the Free State Department of Health Provincial Research Committee (NR 04/2015). The medical, surgical, pulmonary, orthopaedic, cardiovascular and general wards at Pelonomi, Universitas and National Hospitals in Bloemfontein were preselected, based on the fact that patients in these wards were most likely to be able to stand unassisted. All patients between the ages of 20 and 60 years who were admitted to the pre-selected wards during a two-week period in March 2015, who were able to stand up straight and unassisted for the measurements of height and weight, and who gave informed consent, were included in the study. The initial total sample comprised n = 226 patients. A total of n = 26 were excluded for the following reasons: (n = 8 had recent/past bone surgery affecting height or ulna length; n = 17 had with bone injuries/fractures affecting height or ulna length; and n = 1 had a physical disability). The final sample thus comprised n = 200 participants.
Data collection
Weight and height were obtained using standardised techniques as described in the literature, applied at the bedside, with the curtains drawn to ensure the privacy of participants. 7, 14, 15 The measurements were performed by four final-year dietetics students who were trained, and who were well practised in the relevant anthropometric techniques prior to data collection. The relevant anthropometric measurements recorded by these different operators did not vary significantly (Kruskal-Wallis test; p = 0.11).
The diurnal variation in stature, due to compression of the spine, seems to peak within two hours of rising. 16, 17 In the wards included in the study, patients are routinely woken up between 05h00 and 06h00. Since the sample comprised ambulatory patients who could move around, to, for example, visit the bathroom, all measurements were taken after 09h00 as a precaution. The same equipment was used for all measurements and calibrated daily, and the average of three separate measurements was used in all instances. Language barriers were overcome by making use of interpreters.
Reference height was measured with a calibrated mobile freestanding stadiometer (Seca 213®; Seca GmbH, Hamburg, Germany) according to standardised techniques. 7 The stadiometer was firmly placed on a hard level surface and positioned against a wall to ensure rigidity as stability. Participants were asked to remove any shoes, socks or hat, and to adjust hairstyles that could affect the measurement. Each participant was asked to stand fully upright, facing forward on the platform; arms relaxed and freely hanging at the sides with palms facing the thighs; knees straight and legs close together; and heels, buttocks and upper back in contact with the vertical surface of the stadiometer. The head was positioned in the Frankfort plane. 15 Once the participant was correctly positioned, he/she was asked to inhale deeply and hold the breath for a few seconds. In order to straighten out the spine for the most reliable measurement, the participant's head was gently lifted in an upward manner, using the mastoid process landmark. The head board was moved firmly onto the vertex of the head; the participant was instructed to exhale; and the measurement was recorded to an accuracy of 0.1 cm. 7, 15, 17 All participants were weighed on the same calibrated scale (Tanita Digital Lithium scale HD-327, Middlesex, UK), placed on a hard, level surface. The participant was asked to remove any excess clothing and to stand in the centre of the scale, while ensuring equal distribution of weight. The measurement was recorded to the nearest 0.1 kg. 7 Ulna measurement was taken using a standard, clearly calibrated, non-stretchable anthropometric tape (Butterfly, Shanghai, China). The participant was asked to remove or change the position of any wristbands, jewellery, bracelets and watches, and to bend the left arm diagonally across the chest, with the palm facing inwards and the fingers pointing towards the opposite shoulder. This allowed the researcher to palpitate the landmarks, and to measure the ulna from the tip of the olecranon process to the tip of the styloid process to the nearest 0.1 cm.
14 Ulna length was measured on the left arm as far as possible, as the MUST equations were validated for use on the left side; 13 however, when not possible, the right arm was used, as no systematic differences have been recorded in the literature between measurements on the left or right side.
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Data analysis
Ulna length was used to predict height with the use of the MUST equations developed for adults aged < 65 years. Data were analysed by the Department of Biostatistics of the University of the Free State (using SAS/STAT software, Version 9.2; SAS Institute, Cary, NC, USA). Categorical data were expressed as frequencies and percentages, and continuous data as range, median and percentiles. The differences between the medians for reference and predicted heights, as well as BMI based on reference and predicted heights, respectively, were compared by means of 95% confidence intervals for paired data.
Bland-Altman analysis was used to assess the 95% limits of agreement between the two methods. 20 This analysis involves the plotting of the difference between measurements of the same parameter obtained with two different techniques, against the mean of the measurements. This approach is more appropriate than correlation and regression methods for this type of comparison.
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Results
The final sample of n = 200 participants had a median age of 42 years (19-60 years), comprised n = 163 (81.5%) black, n = 19 (9.5%) white, and n = 8 (9.0%) coloureds people, and was relatively equally distributed according to gender (48% female, 52% male). Participant numbers were also more or less equally distributed between the three hospitals (National hospital: n = 50 (25%), Pelonomi hospital: n = 74 (37%), and Universitas hospital: n = 76 (38%).
As summarised in Table 1 , the difference between the height predicted from ulna length using the MUST equations, and reference height, ranged from an overestimation of 47.7 cm (in one male participant) to an underestimation of 8.9 cm. The median difference between the reference height and the height predicted from the ulna length was 7.3 cm, with an interquartile range of 3.1 cm to 12.2 cm; and the difference was statistically significant (95% CI [6.1; 7.7] ).
When the data were analysed according to gender (Table 1) , the difference between height predicted from the ulna length and the reference height remained significant in both males and females. The difference between the measurements was also statistically significantly higher in the males than in the females (95% CI; [0.3; 3.5]).
The majority (44%) of participants had a BMI (calculated from actual weight and reference height) in the normal category (18.5-24.9 kg/m 2 ). The difference between BMI calculated from reference height and BMI based on height predicted from ulna length ( Table 2) Bland-Altman analysis (Figure 1) found that the 95% limits of agreement between the two methods ranged from -19.8 to 5.7 cm indicating that the methods do not consistently provide similar results.
Discussion
This study found that height was statistically significantly overestimated in a population of hospitalised patients when predicted from ulna length using the MUST equations. world's children grow very similarly' . 25 The WHO therefore advises that the new WHO growth standards, developed from the MGRS, should be used for all children everywhere, regardless of ethnicity. 25 Similarly, when data on a nationally representative sample of blacks and white individuals aged 18 to 74 years, from the first United States National Health and Nutrition Examination Survey (NHANES I), were adjusted for differences between the two ethnic groups in age, urban or rural residence, income and education no significant difference in average height between black and white participants of either gender was found. 26 'Ethnic' differences in skeletal proportions, therefore, seem to be rather the result of environmental factors. In humans, particularly from birth to age seven, the legs grow relatively faster than the trunk and other body segments. 24 Evidence suggests that poor nutrition in utero, during childhood and in adolescence, as well as other environmental factors like heavy physical labour (that directs blood away from the skeletal growth plates), infectious diseases, poor living conditions, and emotional or physical trauma, among others, reduce leg length relative to trunk length so that the child does not reach his/her genetically determined adult height. 24, 27 That this occurs to a severe extent and on a large scale in Africa and also in South Africa, and is evidenced by the high prevalence of stunting which is estimated at 38% of children on the continent 28 and 26.9% of children in South Africa. 29 Children are defined as stunted if their height-for-age is more than two standard deviations below the WHO Child Growth Standards median. 28 If stunting indeed affects leg length relatively more that the rest of the skeleton, 24 prediction equations based on upper extremity measurements, such as ulna length, demi-span and arm span, may not be accurate predictors of height in populations with a high prevalence of stunting. Whether or not using long bones in the lower extremities in these populations may be more reliable in this regard warrants further investigation. Standardised techniques have been developed for measuring knee height, 7 tibia 30 and fibula 31 length. Femur length is considered the most accurate predictor of height in forensic science, but cannot be directly measured in living patients. 32 In a recent study in a public hospital in Brazil, it was indeed found that height prediction equations based on knee height outperformed those based on Discrepancies of up to 19.8 cm were recorded, which is clinically significant as it will definitely impact on clinical predictions and estimations that are based on height. This was illustrated by BMI, which was statistically significantly underestimated in this population when based on the height predicted from ulna length.
Madden et al., 17 reported that height predicted from ulna length correlated closely with reference height in white (English, Irish, Scottish, Welsh) participants, while overestimating height in black (Black African, Black Caribbean) and Asian (Bangladeshi, Indian, Pakistani) participants. Various other studies of predictive equations to predict height based on long-bone lengths also found that the reliability of these equations varied between ethnic groups. 9, 22, 23 A popular hypothesis is that the relative proportions of the skeletal parts differ based on ethnicity and race, 24 and that equations should therefore be standardised for different ethnic and racial groups. 17, 24 In the current study, the sample was of mixed ethnicity, but the overall majority (81.5%) of participants were Black South Africans. The significant overestimation of height when predicted from ulna length using the MUST equations, therefore, seems in line with the findings of Madden et al. 17 Based on recent evidence regarding child growth patterns, however, an alternative explanation for these findings may be the high prevalence of stunting in the South African population. The World Health Organization (WHO) Multicentre Growth Reference Study (MGRS) 25 to develop new growth references for infants and children followed the growth patterns of 8 500 children living in relative affluence, in Brazil, Ghana, India, Norway, Oman, and the United States. The MGRS aimed to ensure optimal conditions for normal growth and development and to control sources of bias. The inclusion criteria, therefore, were single term births, absence of environmental and health constraints on growth, absence of significant morbidity, adherence to MGRS feeding recommendations (which included breastfeeding and optimal weaning practices), and absence of maternal smoking. The MGRS found striking similarity in linear growth of infants to five-yearolds among all sites despite marked differences among the sites in population and environmental characteristics, and concluded that 'when health and key environmental needs are met, the arm, span, demi-span and recumbent length. 33 From a practical point of view, in the critical care setting, however, knee height measurement requires specialised equipment (sliding broadblade calliper), which is seldom available, thus making the measurement difficult to perform with accuracy. 34 Measurements of the tibia and fibula may offer alternatives that are worth investigating in the critical care setting. 30, 31, 35 Limitations of the study All efforts were made to limit inaccuracy and inconsistency in the anthropometric measurements in the study, by ensuring that the data collectors were well trained and practised in the anthropometric techniques, and by using validated, standardised techniques and high-quality, calibrated equipment. Slight diurnal variation between patients who remained in bed, and those who walked around after waking, may however, have been a source of bias.
Conclusions and recommendations
This study found that ulna length incorporated into MUST equations did not accurately predict actual height in a South African population admitted to government hospitals in Bloemfontein. Height predicted from ulna length statistically significantly overestimated actual height in this setting. The clinical significance of this difference was illustrated by the fact that BMI based on estimated height was statistically significantly lower than BMI based on actual height measurements, and this may result in patients being classified in the incorrect BMI categories and their energy requirements being calculated incorrectly.
The findings of this study emphasise the need for large-scale interventions to address stunting in the South African population, particularly under the age of two years when stunting can be reversed. 29 With regard to predicting height in patients who are unable to stand unassisted for direct measurement, it is hypothesised that equations based on long-bone measurements in the lower limbs may more accurately reflect attained height in stunted individuals than those based on long-bone measurements in the upper limbs. This needs to be investigated further in larger samples of the South African population, as inaccurate recording of height may have clinical implications, particularly in critically ill patients.
